Abstract: Posterior lumbar interbody fusion (PLIF), as recommended with bilateral lumbar interbody cages and pedicle screw fixation, has increased the successful fusion rate to nearly 100%. Presently, a unilateral approach to the disc space with a variant of PLIF, the trans-foraminal interbody fusion is often used. There are few clinical studies of unilateral interbody fusion. The clinical and fusion results of unilateral interbody fusion are important as the usage of trans-foraminal interbody fusion procedure increases. This retrospective study of 26 consecutive patients treated with a unilateral cage asks whether fusion healing and clinical outcome is comparable with that obtained with bilateral cages. In this study, there were no pseudarthroses, instrumentation failures, or significant subsidence at any of the single cage levels. Disc space height and foraminal height were restored by the surgery and maintained at last follow-up. Using Prolo scores, 23/26 patients had clinical success (88%), and 3 were unsuccessful. Fusion was successful at all single cage fusion levels and overall in 23/26 (88%) reviewing all levels of fusion. In conclusion, fusion and clinical success rates were not diminished by the use of a unilateral interbody cage rather than the recommended 2 cages. This retrospective comparative study is a Level III-2 Therapeutic Study investigating the results of unilateral PLIF with a single interbody cage compared with historical series with interbody cages.
P
osterior lumbar interbody fusion (PLIF) was introduced by Cloward 1-4 more than 50 years ago. Limitations of early PLIF included inadequate compression strength of allograft bone and low fusion rates. 5 Carbon fiber reinforced polymer (CFRP) rectangular cages were introduced to enhance PLIF results by providing the mechanical strength to provide loadsharing during fusion and to allow the best biologic healing with autologous bone graft. 6, 7 PLIF with CFRP cages also restores disc and neuro-foraminal height, 8, 9 and segmental alignment including balance and lordosis. [10] [11] [12] [13] [14] PLIF with insertion of bilateral interbody cages has been a standard treatment to predictably restore segmental alignment and balance, and obtain a successful fusion. However, occasionally only a unilateral cage may be placed because of circumstances found at the time of surgery such as limited size of the disc space, nerve root anomalies that may block access to the disc space, and limited ability to retract nerve roots due to epidural scarring of previous surgery. Because unilateral interbody fusion may be necessary in PLIF for the reasons stated above, the question is raised as to whether this will give acceptable balance, strength, and fusion results.
Recently a variation of the PLIF approach, the trans-foraminal interbody fusion (TLIF) has allowed unilateral placement of interbody cages. The TLIF approach may reduce operative time, blood loss, dural tears, and radiculopathy risks and yet provide comparable mechanical stability to the PLIF. Biomechanical studies of TLIF suggest a single interbody cage positioned in sagittal, coronal or oblique orientation provides excellent stability and stiffness. [15] [16] [17] Clinical and fusion results reported with TLIF are comparable with PLIF results. [18] [19] [20] [21] [22] In the TLIF reports, there is variety of type and number of implants, and type and location of bone graft material. 20, [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] The rapid evolution and variety of implant and biologic technologies complicates the assessment of the TLIF technique.
This study asks if unilateral PLIF with a single cage will give acceptable results comparable with bilateral implants and to recent TLIF studies with unilateral interbody fusion. This study reports the clinical and fusion results of patients having PLIF with a unilateral approach to the disc space and compares the outcomes to historical bilateral PLIF series and recent TLIF studies.
MATERIALS AND METHODS
The Lumbar I/F cage (DePuy Spine, Raynham, MA) is a CFRP implant made of poly-ether-ether ketone reinforced with ''chopped'' or short carbon fibers. The VSP (DePuy Spine, Raynham, MA) includes pedicle screws and plates. The CFRP cage and the VSP System have been previously described. 33 From February 1999 to October 2003, we performed PLIF using the CFRP cages and VSP instrumentation on 425 patients in our practice. Surgical indications included disabling back and/or radicular pain refractory to conservative management with moderate to severe degenerative change, with instability and adjacent segment deterioration based on magnetic resonance imaging or discogram. During the summer of 2004, we conducted a retrospective chart review of all patients. Follow-up was achieved on 377 of 425 patients (87%) including 1-year clinical and radiographic evaluation. Although 1 year is not long enough to define an exact rate of clinical success, it is sufficient follow-up to identify complications and failed fusions.
From this large group, 26 consecutive patients were identified who had PLIF at one or more levels with a unilateral CFRP cage. Each of these patients had identical treatment to the large group including iliac crest autograft, posterolateral fusion, and bilateral pedicle screw instrumentation. The only surgical variable was that a unilateral single CFRP cage was used rather than bilateral cages. The minimum follow-up was 24 months (mean 36 mo, range 24 to 65 mo). Demographic data were recorded including age, sex, neurologic function, number and type of prior back surgeries, and diagnosis at each lumbar level. Patients were examined and data recorded before surgery, at surgery, and at postoperative intervals after surgery. Evaluations included ratings of pain, function, economic status, and medication. Patient history, sensory and motor function, tension signs, reflexes, and radiographic findings were recorded at each follow-up interval. Additional clinical data were recorded including surgery levels, operative difficulties, complications, fusion status, and reoperation or revision.
Indications for the surgery were 17 recurrent disc disease (recurrent herniation or disc space collapse with foraminal stenosis and radiculopathy), 3 symptomatic spondylolisthesis refractory to conservative care, and 6 pseudarthroses. Two patients had significant degenerative scoliosis. Fourteen patients were revision cases with 24 prior spinal operations. In the previously operated patients, there was an average interval between the 2 surgeries of 42 months (7 mo to 7 y). There were 10 men and 16 women. The average age was 50 years (range 34 to 80 y). The insurance was workers compensation in 5 and private insurance in 21. Nine patients had a positive smoking history with an average 19-pack/year history.
Clinical success was defined according to previous published literature parameters used over many years and modeled after an expanded Prolo scale. [33] [34] [35] [36] The 5-point Likert scales for pain, function, economic status, and medication usage are added to a combined 4-point and 20-point scale. 33 This study defined a patient's result as a clinical success when the final rating was excellent (17 to 20 points), or good (13 to 16 points), or fair (9 to 12 points) if the patient achieved a minimum improvement of 3 points or more in the combined 20-point scale.
Fusion success within the interbody space was defined by previous published parameters of radiographic fusion assessment of Brantigan and Steffee. 7 As recommended by Blount et al, 37 2 observers evaluated the fusion from Ferguson anterior-posterior (parallel to the vertebral endplates), and lateral radiographs. A level was regarded as fused if there was radiographic evidence of bone bridging the disc space without lucency. If lucency was seen to extend across the cage, the level was considered not fused. For patients undergoing multiplelevel fusion, all surgically treated segments must be fused for the patient to be considered a fusion success. Figure 1 shows a series of anterior-posterior Ferguson radiographs demonstrating progressive solid fusion. Figure 2 shows the features of a pseudarthrosis with discontinuity in the bone graft and lucency adjacent to the cage.
Statistical analysis was carried out using the w 2 analysis. Demographics, clinical and fusion success were compared with the larger reviewed patient group, the IDE cage study, 33 and the available TLIF studies with a minimum 2-year follow-up 20, 21, 29, 38 using w 2 analysis. Statistical significance was defined as P<0.05. FIGURE 1. Anterior-posterior Ferguson radiographs of L4-5 taken at interval demonstrate increases in bone density within the single cage and around the cage. The contrasting radiographic densities of bone and carbon cage strut (radiodense dot in the strut) allow a comparison of increased bone density with healing of the fusion. There is no lucency between the bone and the vertebral endplates. There was fusion success at 1 year with maintained maturity through 4 years.
RESULTS
A unilateral cage was used for the indications of previous surgery with limited access to one side of the disc space in 12 (46%), not enough space in the disc space for another cage in 11 (42%), and nerve root anomaly with low position of the exiting nerve root in 3 (12%). Unilateral cages were placed at thirty lumbar levels in 26 patients. There were 8 single-level fusions with a unilateral cage; 10 with a unilateral cage at a single level in a multilevel PLIF, and 8 with multilevel unilateral cages in a multilevel PLIF. Nerve root anomalies prevented cage placement at L4-5 and L5-S1 only. Not enough space for a second cage occurred at the higher lumbar levels but not at L5-S1. Previous surgery with adhesions prohibited cage placement most frequently at L3-4 but was significant at every level. Details of the PLIF surgery are shown in Table 1 .
Clinical success was achieved in 23 patients (88%). This included 3 excellent (12%), 9 good (35%), and 11 fair (42%) results. Clinical success was not achieved in 3 with poor results (12%). Table 2 correlates the clinical and fusion success of these patients.
A retropulsed cage complication occurred in 1 patient, at the L2-3 level with 2 cages in place. A cage was found to have retropulsed into the canal in the third month postoperatively. This was identified and watched. At 8 months, the patient was complaining of back pain and hip pain on the same side as the mal-positioned cage. The cage was removed and the pedicle screw instrumentation removed, and the posterior-lateral fusion was augmented with bone morphogenic protein. This case was a fusion success at three years follow-up. There were no other complications such as dural tear, infection, or neurologic injury.
At the final radiographic evaluation, fusion success was achieved in all 30 unilateral-cage levels. There were no pseudarthroses, instrumentation failures, or significant subsidence at any of the unilateral cage levels. Disc space height and foraminal height were restored by the surgery and maintained at last follow-up. However, there were 3 patients with single level, 2 cage radiographic pseudarthrosis. Fusion success was then 23/26 (88%) for all patients. The first pseudarthrosis was the L2-3 retropulsed cage removed at 8 months and subsequently fused on radiograph and computed tomography (CT) scan. The second was an L2-3 level persistent pseudarthrosis from an initial L2-S1 pseudarthrosis reconstruction that was explored and treated with pedicle screw implant removal and bone morphogenic protein augmentation of posterolateral fusion and subsequently was healed at last follow-up with x-rays and CT scan. The third patient had a pseudarthrosis level reported at L3-4 on CT in a L1-5 fusion for degenerative scoliosis, and did not agree with fusion exploration, accepting a fair clinical result. Table 2 correlated the clinical status with fusion success.
DISCUSSION
The goal of lumbar interbody fusion is to relieve pain caused by neurologic compression and achievement of a stable surgical construct. Compared with posterolateral instrumented fusion, adding an interbody fusion produces a significantly stiffer construct that protects the posterior instrumentation from failure, and provides a circumferential fusion mass with an increased rate of successful fusion. 7, 23, 33 Both the PLIF and the TLIF approach offer circumferential fusion from a posterior approach.
The patients in this unilateral cage series presented with complex surgical problems that precluded the usage of the recommended bilateral interbody fusion cages.
Comparison of this series with the historical investigational device exemption clinical trial (IDE) of Brantigan et al, 33 showed no significant difference in the indications for surgery but there was a significantly higher rate of previous surgery in this group (w 2 = 6.5202, P value = 0.0107). Comparison of the clinical and fusion success showed no significant difference between this series and the IDE study. Despite the complexity of revision surgery, the outcome of the unilateral cage patients was as successful as the IDE series.
With the commonality of unilateral interbody fusion with bilateral pedicle screws and posterolateral graft, the comparison to reported TLIF studies is appropriate. Lowe et al 38 reported 90% fusion rate and 80% clinical success in TLIF with 2 titanium-mesh cages. Hee et al 21 reported 96% fusion rate with the same TLIF procedure augmented with autologous growth factors. McAfee et al 19 in 120 spondylolisthesis patients treated with TLIF with a unilateral CFRP cage reported a 97.5% fusion rate. Potter et al 29 reported 93% fusion rate and 79% clinical success with interbody structural allograft or bioabsorbable spacers. Hackenberg et al 20 reported 89% fusion rate and significant improvement in Oswestry disability index in TLIF with a unilateral CFRP. Molinari reported 19 active-duty military personnel were treated with 2 CFRP cages and 16 with a unilateral cage. When only a single cage was used, bone graft was inserted from a bilateral approach. 27 Molinari et al 27 reported that the results were generally good, and that patients having a unilateral cage had equal fusion and clinical success as those having 2 cages. The fusion and clinical results of TLIF with unilateral interbody support and bone grafting were not significantly different by w 2 analysis from this unilateral cage series.
During the design of the CFRP cages, mechanical testing assumed use of bilateral cage placement and bilateral pedicle screw fixation. 14, 39 Biomechanical fatigue strength of 2 cages had a 2-fold safety factor over the maximal loads of daily living. 40 The single cage fatigue strength had a small or nonexistent safety factor over the maximal loads of daily living. 40 Closkey et al 41 in an in vitro analysis found >30% of the vertebral endplate surface was required for load transmission across structural interbody grafts. Recent published mechanical data related to single interbody cage in TLIF found no statistical difference in initial stability and stiffness with a single cage compared with 2 cages. [15] [16] [17] Ames et al 15 in human cadavers, found no significant difference in motion between PLIF with 2 allograft bone spacers and TLIF with a single spacer as long as there were bilateral pedicle screws. Chen et al 16 in a porcine model found unilateral cage and unilateral pedicle screws had similar stability to the unilateral cage with bilateral pedicle screws. Kettler et al 17 in a human cadaver found a unilateral cage is as stable as bilateral cages. Position of the graft did not change the stiffness or stability. 15, 42 Ames et al 15 varied the position of the unilateral graft between the anterior and middle column without diminution of the stability or stiffness of the construct. Harris et al 42 in a human cadaver study placed an oblique single CFRP cage, and found the addition of bilateral pedicle screws matched the flexibility of an intact motion segment. Heth et al 43 compared anterior and transverse placement of threaded cylindrical cages and found no difference in stability with transverse positioned cages. Wang et al 44 in human cadavers compared sagittal versus oblique placement of cylindrical cages and found any differences between cage position was normalized with bilateral pedicle screw fixation. Several key points are made by these studies. A unilateral cage is as stable and stiff as bilateral cages. Cage position does not decrease the stability of the construct. All constructs are improved by bilateral pedicle screw fixation.
Bone grafting of the available surface area of the disc space is important for fusion success. Prolo 36 found successful fusion filled 77% of the available disc space with bone. A clinical study using CT scan to demonstrate disc removal showed more than 56% of the crosssectional area of the endplate could be cleared from a unilateral TLIF approach. 45 The surface area of exposed bone graft in a single CFRP cage is 138 mm 2 and the surface area of a typical L5 lumbar endplate is 1259 mm 2 . A single CFRP cage will fill only 10% of the endplate. 40 Additional bone grafting to fill all available surface area is recommended. Placement of additional bone graft around the single cage may account for the undiminished high rate of fusion success in this series.
A shortcoming of this study is that a small population will result in poor specificity or underestimation of the actual pseudarthrosis rate. To improve the statistical power of the study would require a large number of patients that may be impractical. This study demonstrates successful fusion and clinical results when the patient selection criteria are expanded to include complex revision surgical problems. The results of this study support the use of a unilateral interbody cage combined with bilateral posteriolateral fusion and pedicle screws. A prospective randomized trial comparing unilateral with bilateral CFRP cages is warranted. The authors emphasize that when a fusion is done with an unilateral approach to the disc space, it is particularly important for the surgeon to pack additional bone in the disc space around the cage.
CONCLUSIONS
Fusion and clinical success rates are not diminished by the use of a unilateral CFRP cage rather than the recommended 2 cages. Clinical success with the unilateral single cages was not statistically different from the clinical success rates of the IDE study. Fusion success was achieved in 100% of 30 single cage levels and 23 of 26 patients (89%) at all fusion levels. Mechanical failure did not occur with the single cage. A single cage with bilateral pedicle screws provides adequate alignment, balance, and mechanical stability, and allows the maximal amount of autologous graft to fill the disc space.
